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1. T i t l e .  

An Implantable A u x i l i a r y  V e n t r i c l e  

2 .  F u l l  name of i nven to r .  A d r i a n  Kantrowitz ,  M.D. ,  
546 E a s t  1 7 t h  S t r e e t ,  Brooklyn, New York 11219. My 
o f f i c i a l  t i t l e  i s  Di rec to r  of  S u r g i c a l  S e r v i c e s ,  
PIairnonides Hosp i t a l  of Brooklyn, 4802 Tenth Avenue, 
Brooklyn, N e w  York 11219, and  P ro fes so r  of  Surgery ,  
S t a t e  U n i v e r s i t y  of N e w  York Downstate Medical Center ,  
450 Clarkson Avenue, Brooklyn, New York 11203. 

The a u x i l i a r y  v e n t r i c l e  was developed wi th  t h e  
a s s l s t a n c c  of s e v e r a l  research a s s o c i a t e s  i nc lud ing  
Tetsuzo Akutsu,  M . D . ,  and i n  c o l l a b o r a t i o n  wi th  t h e  
Avco-Everett Research Labcra tory .  D r .  Akutsu r e s i d e s  
at 180 E a s t  1 7 t h  S t r e e t ,  Brooklyn, New York 11226, 2nd 
i s  Di rec to r  of  t h e  Div i s ion  of  Experimental  Surgery at 
I.lair;.,onides H o s p i t a l ,  and  A s s i s t a n t  P ro fes so r  S t a t n  
Ur , ivers i ty  of N e w  York 3o:mstate  Medical Center ,  450 
Clarkson Avenue, Brooklyn, ?few York 11203. 

The Avco-Everett Research Labora tory  i s  l o c a t e d  a t  
2385 Revere Beach Parkway, E v e r e t t ,  Massachuset ts .  

3. Na2e a r d  a s d r e s s  of f a c i l i t y .  The s u r g i c a l  r e s e a r c h  
l a b o r a t o r y  xhe re  t h e  a u x i l i a r y  v e n t r i c l e  w a s  f i r s t  
cT?veloped i s  l o c a t e d  i n  t h e  Edward Neirneth I n s t i t u t e  
for Medical Research, 4802 Tenth Avenue, Brooklyn, h'ew 
Y O X k .  

4, ContriSatFcm of  t h e  f a c i l i t y  to t h e  d iscovery .  I an a 
f u l l - t i n e  eaployee of  Mainonides Hosp i t a l .  M y  s a l a r y  i s  
drawn e n t i r e l y  from h o s p i t a l  funds  a l though a s u b s t a n t i a l  
p o r t i o n  of  my t i m e  i s  devoted t o  r e sea rch .  

D r .  Akutsu has  been a s s o c i a t e d  w i t h  t h i s  r e s e a r c h  s i n c e  he 
j o i n e d  the Maimonides H o s p i t a l  S u r g i c a l  Research Labora tc ry  
i n  June ,  1964. H i s  s a l a r y  xas de r ived  e n t i r e l y  f r o n  
P z b l i c  Hea l th  S e r v i c e  Grant  IiE-06510 u n t i l  Sep t .  1, 1965, 
and  s i n c e  t h a t  t i m e ,  p a r t i a l l y  from Grant  EE-09934 as well-. 
The  E d v c d  Neimeth Institute's c o n t r i b u t i o n  i n c l u d e s  use of 
labc.-atc.ry anirnal q u a r t e r s :  ope ra t ing  r c o n s ,  offices, maclil:n? 
shop and an e l e c t r o n i c s  l a b c r a t o r y .  
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5. P a t e n t  p o l i c i e s  of f a c i l i t y .  A r t i c l e  7 of t h e  By-laws 
of Maimonides H o s p i t a l  states t h e  fo l lowing  p a t e n t  
p o l i c i e s  : 

" A l l  i n v e n t i o n s ,  d i s c o v e r i e s ,  and improvements made 
by any pe r son  i n  t h e  employ of  t h e  Corpora t ion  o r  
wh i l e  r e c e i v i n g  any  compensation f o r  h i s  s e r v i c e s  
or  wh i l e  u s i n g  any of  t h e  f a c i l i t i e s  of  t h e  H o s p i t a l ,  
s h a l l  be t h e  p r o p e r t y  of t h e  c o r p o r a t i o n  t o  be  used  
by i t  f o r  t h e  purposes  of f u r t h e r i n g  t h e  medical 
s c i ences .  l 1  

"The Board of  T r u s t e e s  may, however, permit t h e  dis-  
coverer  o r  t h e  i n v e n t o r  t o  par t ic ipa te  i n  t h e  income, 
i f  any,  from t h e  d i scove ry  of t h e  inven t ion .  The 
p r o v i s i o n s  of t h i s  A r t i c l e  may be waived by t h e  
Board of T rus t ees .  " 

6. N a m e  and a d d r e s s  of any o t h e r  o r g a n i z a t i o n ( s )  c o n t r i b u t i n g  
t o  d iscovery .  The Avco-Everett  Research Laboratory,  
2385 Revere Beach Parkway, E v e r e t t ,  Massachuse t t s ,  i s  t h e  
on ly  o t h e r  o r g a n i z a t i o n  invo lved  i n  t h i s  d i scovery .  

7 .  Cont r ibu t ion  of  t h e  o r g a n i z a t i o n ( s )  i n  men, money, 
f a c i l i t i e s .  The Avco-Everett Research Labora to ry ' s  
c o l l a b o r a t i o n  wi th  t h i s  p r o j e c t  began i n  1962. T h e i r  con- 
t r i b u t i o n  t o  t h e  dev ice  w a s  t o  t h e  des ign  of  t h e  power 
supply  and  t iming  c i r c u i t .  T h i s  work, wh i l e  undertaken 
i n  c o l l a b o r a t i o n  w i t h  u s ,  w a s  done a t  t h e i r  f a c i l i t y  i n  
E v e r e t t ,  Massachuset ts .  Quest ions r e g a r d i n g  t h e  numbex 
of men and f i n a n c i n g  can  be r e f e r r e d  t o  Avco-Everett .  

8. P a t e n t  p o l i c i e s  of t h e s e  o rgan iza t ions .  P a t e n t  p o l i c i e s  
of  t h e  Avco-Everett Research Labora tory  may be o b t a i n e d  
d i r e c t l y  from t h e  Avco Company. 

9. Detailed d e s c r i p t i o n  of  t h e  inven t ion .  The e l e c t r o n i c a l l y  
c o n t r o l l e d  p r o s t h e s i s ,  o r  a u x i l i a r y  v e n t r i c l e ,  c o n s i s t s  of 
a f lex ib le  s i l i c o n e  rubber  b u l b  i n  a f i r m  case of t h e  s a m e  
contour .  I t  i s  connected by c u f f s  of Dacron a r t e r i a l  g r a f t  
t o  t h e  ascending  and  descending a o r t a ,  p a r a l l e l i n g  t h e  
a o r t i c  a r ch .  Two e l e c t r o d e s  p i c k  up t h e  R wave of t h e  ECG 
from t h e  l e f t  v e n t r i c l e  t r i g g e r i n g  a so leno id  va lve  t h a t  
c o n t r o l s  t h e  a p p l i c a t i o n  o f  compressed a i r  from an  e l e c t r c n i c  
t i m e r  t o  d r i v e  t h e  u n i t .  The t i m e  delay--before  a i r  i s  s e n t  
i n t o  t h e  u n i t - - i s  determined whi le  l e f t  v e n t r i c u l a r  and 
c e n t r a l  a o r t i c  p r e s s u r e  are observed on an o s c i l l o s c o p e .  The 
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dev ice  hugs t h e  mediastinum and i s  c l o s e  t o  t h e  a o r t i c  
r o o t .  I t  c o n t r a c t s  i n  series w i t h  t h e  phys io log ic  l e f t  
v e n t r i c l e ,  dec reas ing  s y s t o l i c  p r e s s u r e  and thus  reducing 
t h i s  chamber 's  work. A o r t i c  p r e s s u r e  i s  i n c r e a s e d  du r ing  
d i a s t o l e ,  p rov id ing  normal p e r i p h e r a l  p e r f u s i o n  and  i n -  
c r e a s i n g  coronary flow. Other s i tes  i n  t h e  t h o r a c i c  and 
abdominal a o r t a  have been explored .  The U-shape occupies  
less space i n  t h e  l e f t  c h e s t  and  minimizes t h e  r i s k  of  cu f f  
k inking .  Blood flows i n  a smooth curve from t h e  a o r t i c  
r o o t  through t h e  proximal  c u f f  t o  t h e  a u x i l i a r y  v e n t r c c l e  
l end ing  e f f e c t i v e  hemodynamic suppor t .  When t h e  power 
sou rce  i s  t u r n e d  o f f ,  b lood f lows  through t h e  device  which 
i s  now merely a c t i n g  as a v a l v e l e s s  shunt  from t h e  ascend- 
i n g  to t h e  descending a o r t a .  An end- to-s ide  anastomosis  
p e r m i t s  p e r f u s i o n  of t h e  c r a n i a l  and  caudal  areas. (See 
t h r e e  a t t a c h e d  f i g u r e s )  

D e t a i l e d  d e s c r i p t i o n  of t h e  t iming  c i r c u i t  and  d r i v i n g  
mechanism can  be ob ta ined  from t h e  Avco-Everett Research 
Laboratory.  

10. O b j e c t i v e s ,  advantages ,  and u s e s  of d i scovery .  T h i s  i n t r a -  
c o r p o r e a l ,  a v a l v u l a r  c o n t r o l l a b l e  a u x i l i a r y  ' v e n t r i c l e ,  o r  
b o o s t e r  h e a r t ,  o f f e r s  a s s i s t a n c e  t o  t h e  f a i l i n g  l e f t  h e a r t .  
W e  f e e l  t h a t  a device  based on t h i s  p r i n c i p l e  w i l l  s h o r t l y  
b e  developed f o r  c l i n i c a l  u se ,  o f f e r i n g  p a t i e n t s  w i t h  
myocardial  i n s u f f i c i e n c y  e i t h e r  prolonged o r  i n t e r m i t t e n t  
a s s i s t a n c e .  

11. Your opin ion  of t h e  importance and u s e f u l n e s s  of t h e  
d i scove ry :  I n  United S t a t e s  and elsewhere.  Pathometr ic  
s t u d i e s  of t h e  inc idence  of h e a r t  d i s e a s e  i n  man have 
been pub l i shed  widely b o t h  i n  t h e  United S t a t e s  and else- 
where, ?.e., *'a Na t iona l  Program t o  Conquer H e a r t  Disease, 
Cancer and Stroke",  U.S. Government P r i n t i n g  O f f i c e ,  1965, 
and "World Heal th  Organiza t ion  S t a t i s t i c s  Annual, Volume I :  
V i t a l  S t a t i s t i c s  and Causes of Death,"  W.H.O., May 1965. 
Because t h i s  i nc idence  i s  high throughout  t h e  world ( i n  t h e  
Uni ted  States i t  i s  e s t i m a t e d  t h a t  of t h e  n e a r l y  one m i l l i o n  
c a r d i o v a s c u l a r - r e n a l  d e a t h s ,  54.8%, s u f f e r  from a r t e r i o -  
s c l e r o t i c  h e a r t  d i s e a s e  i n c l u d i n g  coronary d i s e a s e ) ,  t h i s  
d i scove ry  can be  impor tan t  and u s e f u l  t o  any p a t i e n t  wlio i s  
an  a p p r o p r i a t e  cand ida te  f o r  such a s s i s t a n c e .  For a f u r t h e r  
exp lana t ion  of i t s  u s e f u l n e s s ,  see I t e m  10. 
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12. Your pe r sona l  d e s i r e s  i n  apply ing  f o r  a patent  on t h e  
d i scove ry .  Development i n  t h e  p u b l i c  i n t e r e s t .  

13.'Reasons, if any,  why p u b l i c a t i o n  would no t  be  adequate  t o  
i n s u r e  t h e  a v a i l a b i l i t y  of t h e  d i scove ry  t o  t h e  p u b l i c .  
There are numerous p u b l i c a t i o n s  which should  i n s u r e  
p r i o r i t y  and a v a i l a b i l i t y  t o  N . I . H .  

14. B r i e f  s t a t emen t  of how t h e  i n v e n t i o n  w a s  conceived,  i t s  
r e d u c t i o n  t o  a c t u a l  pract ice ,  and t h e  dates of t h e s e  even t s .  

For many y e a r s  I have been engaged i n  s t u d i e s  under- 

taken  to develop a workable system t h a t  would d iminish  

s i g n i f i c a n t l y  t h e  lef t  v e n t r i c l e ' s  work of p e r f u s i n g  

b lood  throughout  t h e  body of p a t i e n t s  wi th  myocardial  

i n s u f f i c i e n c y .  

A s  a P u b l i c  Heal th  S e r v i c e  Card iovascular  Research 
(a 1 

Fellow a t  Western Reserve U n i v e r s i t y  working wi th  

D r .  C a r l  J. Wiggers, I began t h e  e s s e n t i a l  s t u d i e s  on 

t h e  phys io logy  of  t h e  h e a r t  which led m e  t o  cons ide r  t h e  

c o n s t r u c t i o n  of an a u x i l i a r y  v e n t r i c l e .  T h i s  pump dev ice  

i s  based  on a fundamental ly  d i f f e r e n t  hemodynamic mechanism 

i n  which blood i s  withdrawn from t h e  ar ter ia l  system 

dur ing  cardiac s y s t o l e .  The s a m e  b lood  m a s s  i s  r e t u r n e d  

i n t r a - a r t e r i a l l y  dur ing  d i a s t o l e .  

( a )  Supported by a Na t iona l  H e a r t  I n s t i t u t e  T ra ineesh ip  
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A t  Western Reserve Un ive r s i ty ,  later a t  Montef iore  
(b  1 (c  ) 

Hosp i t a l  and subsequent ly  a t  Maimonides H o s p i t a l ,  

i n  c o l l a b o r a t i o n  wi th  o t h e r s ,  I became engaged i n  i n v e s t i -  

g a t i o n s  of more e f f e c t i v e  methods of augmenting a r t e r i a l  

and coronary  blood f low cons ide r ing  i t s  extreme s e n s i -  

t i v i t y  t o  i n c r e a s e  i n  d i a s t o l i c  p r e s s u r e .  
1,293 

F i r s t  attempts t o  create a func t ion ing  device  to s h a r e  

t h e  workload of t h e  damaged myocardium w e r e  begun us ing  

t h e  motor power of t h e  hemidiaphragm. I n  these  pre- 
( d )  

l iminary  experiments i n  dogs,  a p o r t i o n  of t h e  diaphragm 

w a s  wrapped around t h e  a o r t a  and s t i m u l a t e d  by e l e c t r o n i c  

c i r c u i t r y  dur ing  each d i a s t o l e .  T h i s  work i n  which I w a s  

a s s o c i a t e d  with D r .  W i l l i a m  M. P. McKinnon w a s  r e p o r t e d  
(e ) 

t o  t h e  American Col lege  of Surgeons i n  1958. W e  found 

t h a t  wh i l e  w e  cou ld  u t i l i z e  t h e s e  muscle c o n t r a c t i o n s  t o  

p rope l  a r te r ia l  blood p e r i p h e r a l l y ,  i t  only decreased  

l e f t  v e n t r i c u l a r  work 10-15%, and posed t h e  formidable  

(b) With t h e  suppor t  of a g r a n t  from t h e  P lay tex  Park 
Research I n s t i t u t e .  

( c )  With t h e  suppor t  of USPHS Grant H-3023, Augmentation 
of Coronary Blood Flaw. 

( d )  With t h e  suppor t  of USPHS Grant H-3023 and cont inued  
wi th  t h e  suppor t  of USPHS Grant HE-05977 ( former ly  
H-4462) Experimental  Cons t ruc t ion  of an A u x i l i a r y  V e n t r i c l e .  

( e )  Supported by USPHS Fel lowship HF-9063 and Research Fellow- 
s h i p  Supply Grant ,  An A u x i l i a r y  Myocardium. 
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problem of c h r o n i c  

thatmore e f f e c t i v e  

p e r i p h e r a l  nerve s t i m u l a t i o n ,  I f e l t  

r e s u l t s  could  be ob ta ined  w i t h  t h e  
4Y5 

use  of  a r e s e r v o i r .  Th i s  led t o  t h e  idea of a p r o s t h e t i c  

device  which would f u n c t i o n  i n  {he ar ter ia l  tree. 

Reso lu t ion  of t h r e e  problems w a s  sought :  t h e  q u a l i t y  

and t y p e  of a p p r o p r i a t e  material, t h e  most e f f e c t i v e  s i te  

f o r  l o c a t i o n  of t h e  p r o s t h e s i s ,  and i t s  p o t e n t i a l  volume. 

Consequently,  d e v i c e s  i n - a  v a r i e t y  of s i z e s  w e r e  implanted 

i n  v a r i o u s  ways a t  v a r i o u s  si tes i n  t h e  abdominal o r  

t h o r a c i c  a o r t a  i n  a n  a t t empt  t o  perfect both t h e  p r o s t h e s i s  

and  t h e  i m p l a n t a t i o n  technique .  
( f 1 

A t  t h a t  t i m e  t h e  bu lb  w a s  made of S i l a s t i c  382 wi th  

c u f f s  of  woven Tef lon .  Compressed a i r  se rved  as t h e  

source  of energy and  w e  found t h a t  t h e  b e s t  effects w e r e  

ob ta ined  when t h e  dev ice  w a s  p l a c e d  i n  t h e  aortic a r c h  

bypass p o s i t i o n .  Th i s  i n t r a c o r p o r e a l  u n i t ,  t h e  fo re runne r  

of t h e  p r e s e n t  dev ice ,  produced a o r t i c  coun te rpu l sa t ion .  

It  w a s  r e p o r t e d  t o  t h e  American S o c i e t y  f o r  A r t i f i c i a l  

I n t e r n a l  Organs i n  1963. 
6 

Seeking y e t  more e f f e c t i v e  d e v i c e s  f o r  long-term 

a s s i s t a n c e ,  we  subsequent ly  al tered t h e  des ign  of t h e  

( f )  Work cont inued  w i t h  t h e  suppor t  o f  HE-06510 ( former ly  
H - 6 5 1 0 )  I n t e g r a t e d  E l e c t r o n i c  C o n t r o l  of Phys io log ic  
Systems. 



axxi l i rary t . @ n t r i  c3.e to an eXXipsQi&l collapsible bz2Ib 

in a sr2igid case crf like contcaux, connected by Uacxon 

a r t e r i a l  g r a f t  ta the aorta,  It was  i n s e ~ t e d  in b y p a s s  

p o s i t i n n  parallel. to t P n e  a o r t i c  arch. 

With t h i s  implanted ventricle .r con.tinuaus aoxt5.c 

of all adjacent  organs, C l o s e  enough f o r  n a x i t i l u m  assistance 

to the ?.eft . leatricle,  it augments a r t e r i a l  and c<>ronazy 

P a cmi' 2 ye -k i n -t ex fer E! 5 xi n i  ma 2.r-3.' WbR" th nor xa 1 

when. tu rned  o f f ,  acting then as a ctsnduFt, Bfi'ari-mg 

ph y si 0 I og y 

the :?"ssi,si Llty of ei ther  consistent or intermittent 
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p e r i o d s .  Acute and chronic  hemodynamic s t u d i e s  show a 

c o n s i s t e n t  r e d u c t i o n  of l e f t  v e n t r i c u l a r  work and an i n -  

c r e a s e  i n  coronary f low and n a t u r a l  p e r f u s i o n .  The dev ice  was 

f i r s t  described t o  t h e  American Soc ie ty  f o r  A r t i f i c i a l  

I n t e r n a l  Organs i n  1965, and b e f o r e  o t h e r  p r o f e s s i o n a l  

s o c i e t i e s .  
13 ,14 ,15 ,10 ,17 ,18 ,19  

O n  February 4 ,  1966, t h e  a u x i l i a r y  v e n t r i c l e  was used 

i n  a p a t i e n t  s u f f e r i n g  from seve re  i n t r a c t a b l e  c h r c n i c  

conges t ive  f a i l u r e .  The p a t i e n t  succumbed a f t e r  24 hours ,  

a l though hemodynamic s t u d i e s  i n d i c a t e d  good f u n c t i o n i n g  of 

t h e  u n i t  f o r  18 hour s .  The f u l l  r e p o r t  of t h e  c a s e  i s  be in9  

prepared .  The u n i t  used was f a b r i c a t e d  by t h e  Avco-Everett 

Research Laboratory from our s p e c i f i c a t i o n s .  
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9 : 2 6 9 ,  'i.863 * 

7 .  Nore, Y,, F. Kussc_.1K, F. Gradel, and A .  Kantrorv!itz: Long- 
Term C!Deration of a n  E lec t ron ica l ly  Con t ro l l ed ,  P l a . s t l c 3  
Auxi l i a r y  Ventricle in Consc2axxs D o g s  Trans. Amer . So- ~ 

Ar::-iT. I n t e r n .  Organs, 113:140, 1864. 

9. K.antrcwitz ,  A .  9 IT. Nose, F. Russe?r%,  and E;. G r a d e l :  A 
Plas t ic  A u x i l i a r y  Ventricle Permanently Implanted in the 
Chest. Bull, N*V. A c a d ,  Ned., 40:982, 1964. 
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2.5. Brief s t a t emen t  concerning supporting evidence which you 
may have a t  hand which may be used as proof of item 14. 

All supporting evidence such as n ~ l e s ,  drafts,  pressure and 
flow graphs, etc., are os file i n  t h e  Division o€ ExperinentzJ. 
Surgery of Maimonides fiasp5.tal and are aval'lable f o x  review. 

10. Y B r i e f  statement 011 disclasure o f  t h e  discovery to others.  
(Sive n i4~es  and professianal a f f i l i a t i o n s  of persozs or groups- 
t o  whom you have wade a dir;elosare and the dates a$ such 
disclosures } 

Papers r e l a t i n g  to t h i s  device and 5 - t ~  forerunners were 
presented befo re  the foXlow5ng groups z 

FOPWRI, American College of Surgeom 

Society f u r  A r t i f i c i a l  Internal Organs 
S o c i e t y  of A m e r i c a  

1952 

A m e r i c a l a  Soci.e?y f o r  A r t i f i c i a l .  Internal Organs 

xew York Chapter of the American College of GardiolcPgy 
Xex Y o r k  SxxrglicaZ Soci.ct-y 
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I n  a d d i t i o n  to t h e s e  p r e s e n t a t i o n s  a t  p r o f e s s i o n a l  asacieties 
t h e  dev ice  was d i s c u s s e d  a t  t h e  fo l lowing  h o s p i t a l s  : 

Leominster  Hosp i t a l  Massachuse t t s ,  The J e w i s h  G e n e r a l  
FIospitaX i n  lKontreal, Jewish Chronic D i s e a s e  Hospi tal., Newark 
C i t y  H o s p i t a l ,  E n g l e w o ~ d  H o s p i t a l  Coney Xsland H o s p i t a l  7 t h  
Annual Memorial Lectnre i n  honor o€ D r .  P h i l i p  Ingram N a k R ?  
Brooklyn Hospital.,  Memorial H o s p i t a l ,  American College of 
Ghcst P h y s i c i a n s  Workshop, b I t .  S i n a i  Hospital Pos tg radua te  
Seminar 14th iZnnual Meeting (IPiriami),  a n d  b e f o r e  t h e  Research 
S o c i e t y  of Flai.monides Hospital of Brooklyn. 

17. D a t e s ,  c u r r e n t  l o c a t i o n ,  and names or' persons p r e s e n t ,  i.f a n y s  
when you were developing  your exper imenta l  data 

D r .  Tetszzo Akutsu and  X may be addres sed  a t  4802 Tenth  Avenue, 
Brooklyn ?&?W Y0K.k. 

D r .  P a - A .  ChaptaX may be reached a t  C e n t r e  I iopi taf ier  et 
Universitaire, Montpel l ier ,  France.  

Dr. E'ranz Grade1 may be reached  at C h i r .  Abt.  Anna Seiler Flaus, 
InseXsspital B e r n e ,  Swi t ze r l and .  

Er .  Y. N o s e  i s  i n  Cleveland,  Ohio, Department of A r t i f i c i a l  
Organs, Cleveland C l i n i c  .t 2020 E a s t  93rd S t r e e t .  

D r .  W . W . P .  XcK5.nnon is a t  New Y ~ r k  Medical College, Fiftf2 
Avenue a t  I-OO-th S t r e e t ,  New York C i t y .  

D r .  33. Schamaun i s  i n  t h e  Department of Surge ry ,  Kantonsspital ,  
Zur ich , Swi t zor land. 

Dr. A .  Lerric'ic - deceased 

Di. Arthur  ICantrowitz m a y  be reached  a t  t h e  Avco-Everett  
Research  L a b o r a t o r i e s  a t  2385 Revere Beach Parkuvay, E v e r e t t ,  
Massachuse t t s .  

The d a t e s  of t h e i r  indivj.ciual. c o n t r i b u t i o n s  L O  t h i s  research 
effort appear on the a t t a c h e d  l i s t  of r e f e r e n c e s ,  
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18. A X 1  i n fo rma t ion ,  which you have as to the . s a t e  of t h e  
art and such spec i f ic  information i n  the ar? A S  to which 
you may be aware, including any p u b l i c a t i o n  already nado -3 

or public  use  b e i n g  made of the a r t  a-t the t i . m e  o f  the 
d i scove ry ,  ( G i v e  dates, names, and atldresses ob p ~ b -  
lishers and/or users.)  

The final. a i m  of the intensive research now T a k 2 . m  d 

place i n  many laboratories throughout The world is the 

development of a permanent ly  implantable cardiac 

a s s i s t a n c e  device  with a portable  power supply. Steps  

%award achievement ob tha t  goal are be ing  taksa by 

many investigators prfncipally u t i l i z i n g  one of two  

methods of a u x i l i a r y  hear t  f a n c t i o n :  t h e  ventricular 

bypass procedure or that of d i a s t o l i c  augmentation 

( a r t e r i a l  c o u n t e r p u l s a t i o n )  Since 1957, many research 

e f f o r t s  have been di-rected toward attempts to supplant 

and/or augrrrent cardiac f u n c t i o n  w i t h  a var5.e.t-y of 

( r e p o r t e d  i n  detail in AnsvTer 14) s i g n i f i c a n t  ach5.et.e- 

ments were publisked from the following Laboratsries: 

so leno id -d r iven  diapkl-agm pump placed in the abclown 

of dogs. In recent years, h e  has modif ied h i s  
1 
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2,3,4 
tecIzn5ques and design. 

C, Denn i . s ,  D.P. Hall, J. Moreno, and A .  Senning a t  

the  State University sf New York Damstate Merb-ical Center  

reduced oxygen utilization of the h e a r t  using a l e f t  

ventricular bypass in XQBl and  t h e i s  co-workers, fn- 

clu&Lng X - R *  Capelletti, and S . A .  Weslowski, reported 

the5r work in this area in 1962. 
5 

Earningo Lfotta, C,W. H a l l ,  W.S. Henly, A.G. Beall, 

Jr, D,A,  C ~ ~ l e y ,  and M:B. DeBakey of BayJor University, 

Fiouston, reported their results i n  carrying a u t  left 

ventricular bypass perfusion utilfzing a pulsatile 

v ~ l s e d  tubul-ar shunt between the left atrium and the 

descca-,drlng aorta e Th5s has subsequently been r'efhed 

considerably and a report  an its use in a palient 
6,798 

FLppeared 3_n 1.963 e 

These efforts referred to have been dkected  toward 
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perfusion pressure toc~ether 1~3th corresponding 1 ~ w e r i n g  

of s y s t o l i c  pressure. It was repoxled f i r s t  by us in 

1858 and 1960. An aiternate method of br ing ing  about; 

w h a t  axe essc?ntjaLXy the same hemodynamic changes was 

later dewXoped at Ziarvard University by R . H ,  Clauss, 

C. B i r t w e i i  et ala In 1943, and i n  the same year in 
9 -  

St. I,ouis by V.L. William, T. Cooper and associates, in 

ca stcdy o f  i t s  app l i ca t ion  in dogs with complete heart 

block. 
9 > 1.0 

AXkso i n  196% U,M. Watklns and associates discussed 

the de\-elopmenz of myocardial augmentation and i t s  

c l i n i c a l  app'P.i.cation. A latex paper by M. Serof f ,  
El 

School 2-1: Baston, reported to the American Association 

for  ArtXficIaZ Internal O r g a n s ,  an ' f i m p r ~ ~ e d  method of 
22 

csuri terpulsat ian" alonc these s a m e  rines. A system, 

cunsisting si a vaXveless pulsatile plast ic  shunt sf 

1945, (SPP reXere1zces on pages i9 and XQ) 
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2. Kusserow, B . K .  : A Permanent Indwel l ing  Intracorporeal 

Blood Pump. Trans.  A m e r .  Soc. Artif. I n t e r n .  Qfgans 
4:227, 19%. 

2. K u s s e s ~ w ,  B.K.:  Fur ther  Experience w i t h  a Permanently 
Indwelling I n t r a c o r p o r e a l  3310 d Pump. .Trans .  A m e r .  Suc. 
A r t i f ,  Intern. Oxgans, 4:227, 

3 .  K u s s ~ ! r o w ,  B.R.  and Y.F .  Clapp: P a r t i a l  S u b s t i t u t i o n  of 
Ventr icular  Funct ion  over Extended Periods by a Mechanical. 
Pump. Trans. +%mer .  SOC. A r t i f .  f n t e r n .  Organs 7 ~ 3 3 2 ,  1961. 

4 .  Musserow, B.K.  and J.F. Clapp S m a l l  Ven t r i c l e - type  Punp 
f o r  Prolonged P e r f u s i o n s  z Cs uc t ion  and I n i t i a l .  Studies 
Incl.uding A t t e m p t s  to Power B i o l o g i c a l l y  w i t h  
S k e l e t a l  Muscle e Trans. Arne oc. A r $ i f .  Intern. Organs 
114:74, 1964. 

5 .  Cappel le t t i ,  R . K . ,  C. Dennis and S.A. Wesolowski: 
Protection from V e n t r i c u l a r  Fibxlllation by P a r i a l  C a x d i o -  
pulmonary OK T o t a l  Left V e n t r i c u l a r  Bypass. Trans. Amex.  
Soc. Artif. Intern. Organs,  €3~100, 1962. 

6. Liot-ta, D., G.W. Hall, W.S. Henly, D.A. Cooley, E . S .  Crawford 
and M.E. DeBakeyr Plccrfonged Assis ted C i r c u l a t i o n  D u r l n g  
and Alter Cardiac or Aortic Surgery .  Amer. J. C a r d i o l .  
128309, 3963. 

7 .  Lio-t-ta, I?. E.S. Crawford, D . A ,  Cooley, M.E. DeBakey ,  
M. deUrquia and L. Feldnan: Prolonged Partial Left 
V e n t x 2 c u l a r  Bypass by Means of an I n t r a t h o r a c i c  Pump 
Implanted i n  t he  Left C h e s t .  Trans .  Amer. Soc. A r t i f .  I n t e r n .  
Organs, 8:90, 1862. 

8, Lio-t ta ,  D., C.W, Hall9 W.5. Henly, A . C .  B e a l l ,  J r . ,  D.A. Cooley, 
and M .E. DeBakey: Prolonged Assisted C i r c u l a t i o n  During 
and After Heart or Aortic Surgery. Trans.  Amer. SOC.  A r t i f .  
Intern. Organs, 9:382, 1963. 

9. Clauss, X . H . ,  C ,  Birtwelf, 6 .  Albestal ,  F. Lunzer, W.J. Tay lo r ,  
A.M. FosSerg and D .  E. Harken: Assis ted C i r c u l a t i o n .  
J. Tlrarac. Cardiov. Surg,, 41:447, 1961. 

10. Willman, V.L., T. Cooper, A .  Riberi and C.R. Elarilon: 
Card2z.c Assfstance by Dias to l i c  Augmentation: 
Eva lua t ion  i n  Dogs w i t h  Complete Heart Block. Trans.  A m e x *  
Sac. Art fS ,  I n t e r n .  Organs, 7rl98, 1961. 
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11. Watkins,  R.H. E . R .  Duchesne and B.E. Pollock: Coord ina ted  
Post-systolic Myocard ia l  Augmentation Combined W t h  S y s t ~ l i c  
Neutra1, izxt ion:  Development and CZinicaS. Appl ica t ion  t o  
the Failing H e a r t ,  J .  Thorac. Caxdiov. Surg . ,  43~1, 1962. 

12. D e t e r l i n g ,  R . ,  Jr. : Assisted C i r c u l a t i o n :  An Improved 
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